Abstract. Copolymerization of N-cyclohexylacrylamide (NCHA) and n-butyl acrylate (BA) was carried out in dimethylformamide at 55±1°C using azobisisobutyronitrile as a free radical initiator. The copolymers were characterized by 1 H-NMR spectroscopy and the copolymer compositions were determined by 1 H-NMR analysis. The reactivity ratios of the monomers were determined by both linear and non-linear methods. The reactivity ratios of monomers determined using linear methods like Fineman-Ross (r1 = 0.37 and r2 = 1.77 ), Kelen-Tudos (r1 = 0.38 and r2 = 1.77), ext. Kelen-Tudos (r1 = 0.37 and r2 = 1.75) Yezrieler-Brokhina-Roskin (r1 = 0.37 and r2 = 1.77) and non-linear methods like Tidwell-Mortimer (r1 = 0.37 and r2 = 1.76), ProCop (r1 = 0.36 and r2 = 1.82). The Q and e values for NCHA are 0.67 and 0.68 respectively. Mean sequence lengths of copolymers are estimated from r1 and r2 values. It shows that the BA units increases in a linear fashion in the polymer chain as the concentration of BA increases in the monomer feed.
Introduction
Functional polymers are now being synthesized and used not only for their macromolecular properties but also for the properties of the functional groups [1] . Acrylic polymers have acquired prime importance in various avenues of application in leather, textile and building materials. Moreover, the N-substituted acrylamides are used to prepare thermosensitive materials like poly(Nisopropylacrylamide) and copolymers of N-ethylacrylamide and styrene [2] . The thermosensitive polymers present also great potential in application as drug delivery system [3] , human gene vectors [4] and biocatalysts [5] . The determination of copolymer composition and reactivity ratios of the monomers is important in evaluating the specific application of the copolymer [6] . The monomer reactivity ratios determined by conventional linearization methods are not always accurate and several non-linear methods have been attempted to determine their value [7] [8] [9] . 1 H-NMR spectroscopic analysis has been established as a powerful tool for the estimation of copolymer composition [10, 11] . The present article reports the synthesis and characterization of copolymers of N-cyclohexylacrylamide with n-butyl acrylate. The determination of monomer reactivity ratios of the monomers and mean sequence lengths of copolymers are also reported.
Experimental

Materials
The monomer N-cyclohexylacrylamide (NCHA) was prepared by the procedure described in the literature [12] . The comonomer n-butyl acrylate (BA) was freed from inhibitor by washing with 5% NaOH followed by distilled water, dried over CaH 2 and then distilled twice under reduced pressure. Azobisisobutyronitrile (AIBN) was recrystallized from chloroform. All the solvents were purified by distillation prior to their use.
Copolymerization
The copolymerization was carried out in glass reaction tubes (80 ml), provided with a gas inlet and outlet, at 55±1°C using AIBN as the free-radical initiator. The reaction tubes containing the required amount of monomers and initiator dissolved in DMF was deaerated by flushing with pure, dry nitrogen gas and then sealed. The conversions of the polymerization were controlled to be less than 10%. After the polymerization, the copolymers were precipitated by adding ice cold water. The precipitated polymers were filtered off and washed repeatedly with fresh methanol. The copolymers obtained were purified twice by dissolving in DMF and reprecipitating with methanol. The polymers were dried in vacuum at 60°C for 24 hours.
1 H-NMR spectroscopy
The 1 H-NMR spectra of monomers and copolymers were recorded on the EM-390 NMR Spectrometer operating 90 MHz with CDCl 3 as solvent. The following peaks appear in NCHA spectrum; at 1.2-2.02 ppm for cyclohexyl CH 2 at 3.72 ppm for cyclohexyl methyne, at 5.38-6.28 ppm for vinyl protons and at 7.3 ppm for N-H proton. The following peaks appear in BA spectrum; at 0.9 ppm for CH 3 , at 1.1-1.7 ppm for (CH 2 ) b,c at 4.1 ppm for OCH 2 and at 5.5-6.2 ppm for vinyl proton.
Results and discussion
Copolymers of NCHA and BA with different feed compositions were prepared by free-radical polymerization in DMF using AIBN initiator. Copolymerization was restricted to give less than 10% conversion. The monomer units in the copolymer are shown in Figure 1 . The copolymer composition data of the monomers in the feed and copolymers is presented in Table 1 .
Characterization
The 1 H-NMR spectrum of copolymer, poly(NCHAco-BA) (0.5:0.5) is shown in Figure 2 . The peak assignments for the copolymers were based on the spectra of monomers NCHA and BA. The following peaks appear in the copolymer spectrum: at 0.8 ppm for CH 3 
Copolymer compositions
The copolymer composition was determined from 1 H-NMR spectral analysis of the copolymer. The assignment of the resonance peaks in the 1 H-NMR spectrum allows the accurate evaluation of the content of each kind of monomer incorporated into the copolymer chain. The oxymethylene (OCH 2 ) peak area is used to determine the copolymer composition. The integrated intensity of this peak is compared to the total intensities of all the peaks in the copolymer spectrum, which is a measure of their relative areas [6] . The copolymer compositions can be obtained using Equation (1): (1) where X -mole fraction and A -peak area. Table 1. gives the values of the corresponding mole fractions in the copolymers. The kinetic behavior was determined by plotting the mole fraction of BA in the feed against that in the copolymer (Figure 3 ).
Reactivity ratios
From the monomer feed ratios and the resultant copolymer compositions, the reactivity ratios of monomer 1 (NCHA) and monomer 2 (BA) were evaluated by the methods of Fineman-Ross [13] (FR), Kelen-Tudos [14] (KT) and extended KelenTudos [15] (EKT). The significant parameters of FR, KT and EKT equation are presented in Table 2 . The reactivity ratios for NCHA (r 1 ) and BA (r 2 ) from the FR plot (Figure 4 ), KT and EKT plot ( Figure 5 ) are given in Table 3 . The monomer reactivity ratios determined by conventional linearization methods are not always accurate and several non-linear methods have been attempted to determine their values [8] . The reactivity ratios were also determined by non-linear method (TM and Opt-Pex2) by using the ProCop computer program [16] . Tidwell-Mortimer (TM) method is the best non-linear method when the differential Mayo-Lewis equation is applied. The reactivity ratios estimated by TM are r 1 = 0.37 and r 2 = 1.76. The 95% joint confidence region for the determined r 1 and r 2 values using ProCop computer program is shown in Figure 6 . The other differential methods used to estimate reactivity ratios provide very similar results and all reactivity ratios are located inside confidence domain. The value(s) of r 1 is less than 1 and r 2 is greater than 1. r 1 shows that NCHA favors cross-propagation as opposed to homopropagation and r 2 shows that BA favors homopropagation over cross-propa- gation. r 1 and r 2 together show that BA is generally more reactive than NCHA, hence the copolymers contain a higher proportion of BA units. The product of r 1 and r 2 is less than the unity (0.65), which indicates random distribution. The more these values diverge from unity, less random the distribution will be. A plot of copolymer composition against the composition of the feed is shown by a solid line in Figure 3 . The dashed line represents the ideal random copolymerization.
Effect of conversion value
The ProCop computer program uses a non-linear calculation method (OPT-Pex2) which is able to minimize F(2) value taking into account the conversion values as well (Equation (2)):
where m i exp is the copolymer composition experimentally determined for the i point, m i cal is the copolymer composition calculated at the conversion mentioned in Table 1 for the i experiment and n is the overall number of experiments. The conversion effect may be a function of the feed composition and of the comonomer pair to undergo polymerization. If r i and r j < 1.0 the effect of conversion is relatively unimportant. Conversion values are more important to estimate the reactivity ratios when r i > 1.0 and r j < 1.0 [17] . In our copolymerization system the r 1 < 1.0 and r 2 > 1.0. Hence, the conversion values (7.1%-8.5%) play an important role in the estimation of reactivity ratios. The reactivity ratios of NCHA and BA estimated via the ProCop method are r 1 = 0.36 and r 2 = 1.82 respectively. The reactivity ratio determined by various differential methods are shown in Figure 7 along with the result determined via a non-linear, method (ProCop) involving conversion. Regardless of the low conversion values, the reactivity ratios estimated by differential methods (linear or nonlinear) are located outside of the confidence region because of the conversion effect. EKT, which also takes into account conversion values within a linear method, provides better reactivity ratios, located at the limit of the confidence domain. When conversion is taken into consideration the superiority of the non-linear integral method becomes obvious.
Mean sequence length
The mean sequence length [10] can be determined using the pertinent equations ((3) and (4)):
where r sequence lengths of copolymers are given Table 4 . It is significant to note from Table 4 that the BA units increases in a linear fashion in the polymer chain as the concentration of BA increases in the monomer feed.
Conclusions
Copolymers of NCHA and BA having different composition were synthesized in DMF by free radical polymerization. The structure of the copolymers was confirmed by 1 H-NMR Spectroscopy. The copolymer compositions were determined from 1 H-NMR analysis data. The reactivity ratios of monomers were determined by linear methods 
